The environmental concern for chemicals covers a broad spectrum. One of the specific concerns in the chemical industry today is the discharge of residual volatile chemicals (normally solvents, monomers, and impurities) from commercial polymeric materials into the atmosphere. The polymer manufacturing worker, the material processing and fabricating workers, and finally the consumer, all must be protected from exposure to toxic substances, undesirable odours, or any other type of irritant that may result from undesirable volatiles or decomposition products of polymeric materials. Modern requirements dictate that these chemicals be measured at partsper-million (ppm) levels or lower.
For many years the conventional analytical instrument for measuring residual monomers, solvents, and other smallmolecule impurities in polymers has been the gas chromatograph (GC). incomplete, the residual chemicals of interest will be partitioned between two phases the solid or swelled polymer and the liquid solution. This partition can be accounted for by proper calibration, but this is often a difficult procedure and is not often done in reality. Third, it is seldom possible to avoid getting polymer in the GC column. Build,up of polymer residue in the injection port or first few centimeters of the column will inevitably lead to degraded chromatographic performance. This difficulty can sometimes be alleviated by the use of a glass liner in the injection port,, but this remedy is not entirely satisfactory. Fourth, these solutions are usually quite viscous at a typical concentration of five percent (w/v) of polymer. Therefore, syringes plug easily and usually must be cleaned after each injection.
The chromatographic aspect of the analysis also encounters some serious problems and is really the limiting factor for trace analysis. First, there is normally a large solvent peak which interferes with the analysis of trace amounts. Use of solvents that have little or no flame response (water and carbon disulfide, for example) can help, but one is restricted to those solvents that dissolve or extract the polymer satisfactorily. Second, solvent impurities may interfere. In trace analysis especially, some of the chemicals to be analysed may also appear as impurities in all but the most carefully prepared solvents. Third, extraneous peaks may be present. Extraction or dissolution almost invariably will cause some low molecular weight material in the polymer to be present in the solution to be chromatographed. Thus, the resulting complex solution may present separation problems for the chromatographer. Fourth, poor sensitivity at parts-per-million levels is usually experienced. Headspace sampler Figure 2 illustrates schematically the overall arrangement for the headspace sampling system [4] . Figure 3 is A fan is also mounted at each inlet. Each fan and associated motor are a separate module which is easily removed for maintenance. Air is blown up past the heaters and exits at the top perimeter of the compartment where it flows around the samples and through the baffling on the outside perimeter of the support plate. The air is then sucked back along the outside of the oven and into the fans through one of eight holes in the side wall. Originally, the entire area on the outside perimeter of the support plate was cut out, but it was found that the air was being channeled only to the areas directly above the eight return holes. This problem was corrected by reinserting the plate and drilling many small holes in it. This gave much better control of the air flow. It also provided a way to compensate for areas with greater heat loss, such as the sampling station, by simply drilling more holes in those areas. The temperature gradient of the oven is approximately +5 K at an operating temperature of 600 K. When the valve is in analysis position, the flow would be from port 2 to port and out to the hypodermic needle. At the time a new sample is being moved into position, the solenoid valve is opened and the needle is flushed with helium to remove any memory of the previous sample. The same path is taken to pressurize the sample bottle at a later time. Helium is also brought in through an electronic flow controller into port 8 of the sampling valve, goes to port 7, through the sample loop to port 9, on to port 10 and out to the GC column.
When the valve is energized, helium comes in port 8 and out port 10 to the GC column. The vapor sample in the bottle, which is under pressure, flows through the hypodermic needle to port 1, over to port 7 and through the loop to port 9. From port 9 it flows to port 4 where it is vented to atmospheric pressure. After the loop is filled, the valve is de-energized and the sample is swept onto the GC column by the carrier gas. Since helium flows through the sample loop for the total analysis time, the loop is well-flushed. All of these events are sequenced by the digital controller described in the next section.
Digital controller sequence
The sequence of events to perform a headspace analysis starts after the samples have been loaded into the oven and have been heated for a time sufficient to reach equilibrium. The first sample can be moved to the position just prior to the sampling position by a manual override switch. At this point, the digital controller is switched on and the sequence of events outlined in Table II will take place automatically.
The Superior Electric Slo-Syn stepping motor produces 3 newton meters of torque and travels 1.8 degrees per step. Five steps are necessary to move a new sample bottle into position. The five pulses occur at one second intervals. The total time to reach the actual injection step (number 7) is 128 seconds. The length of the GC analysis can also be preset as required. Figure 7 is a schematic of the electronic controller. The circuit was constructed using T2L integrated logic circuits. Its function is simply to activate and deactivate the various solenoid valve and relays, and to pulse the stepping motor at the correct time. The 60 hertz frequency is divided down to hertz by IC's 3 and trigger, is used to change the sine wave into a rectangular pulse. The 60 hertz frequency, is divided down to hertz by IC's 3 and 4, which are divided by 5 and divided by 12 circuits. The resulting Hz pulse is then gated through IC 10 by a "chromatogram go" signal to IC's and 2, which are also divided by 5 Figure 8 . An equilibration time of one hour at 125C had previously been found sufficient to obtain an equilibrium distribution of the residual hydrocarbons between the vapor and solid phases [5] . The residual hydrocarbon for which we were analysing eluted at about 2.3 minutes; the internal standard added to the sample vial eluted at about 2.3 minutes; the internal standard added to the sample vial eluted at about 1.3 minutes; and the large peak near 5 minutes was the solvent into which the internal standard was dissolved. The small peak eluting just before the hydrocarbon is of unknown origin, but it did not interfere with the analysis. The amount of the hydrocarbon in the polymer (even though the headspace is analysed) was determined by the method developed earlier by Pausch and Sockis [2] . The results of this analysis using our automated headspace sampler for several poly (acrylic acid) samples are given in Table 2 . The reproducibility shown in column three is certainly quite acceptable for this type of analysis.
The results from two other analytical methods are also included in Table 3 to show that this sampling system is performing well. The slightly higher results in some cases compared to the solution method and the consistently higher results compared to the extraction UV procedure were not surprising.
The sampling unit has performed well so far, although we will attempt to streamline the oven somewhat in future units to reduce the bulk of the sample bottle carrier. The inertia of the present one places a heavy load on the stepping motor.
